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In searching for a new material made from natural resources that could be used as a whit-
ening agent, we focused on the plants used for skin treatment by the native people of
East Kalimantan. The methanol extract of the leaves of Eupatorium triplinerve Vahl
showed antimelanogenesis activity in a melanin biosynthesis assay. By activity-guided
fractionation, 7-methoxycoumarin (1) was isolated as an active compound. The IC50 of
1 on mushroom tyrosinase was 2360 mM (L-tyrosine was used as the substrate) and above
2840 mM (L-DOPA was used as the substrate), respectively. Regarding melanin formation
inhibition in B16 melanoma cells, the IC50 of 1 was 1780 mM with 83% cell viability at
IC50. Based on these results, we validated that the leaf extract is in line with the tradi-
tional use of the Dayak tribe in East Kalimantan.1. Introduction
Melanin is the major pigment responsible for the color of
the human skin. It is secreted by melanocyte cells in the
basal layer of the epidermis [1]. Melanin pigments are
formed in specialized pigment-producing cells known aszaki, Higashi-ku, Fukuoka 812-85
p
acopuncture Institutemelanocytes, which originate from the neural crest during
embryogenesis and are distributed throughout the embryo
during development [2].
Melanin biosynthesis occurs in a cascade of enzymatic
and spontaneous reactions that convert tyrosine to melanin
pigments. The initial and rate-limiting step in melanin81 Japan.
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phenylalanine (DOPA) [3]. DOPA oxidation produces a highly
reactive intermediate that is further oxidized to form
melanin by a free radical-coupling pathway. If free radicals
are inappropriately processed in melanin synthesis,
hydrogen peroxide (H2O2) is generated, leading to the
production of hydroxyl radicals (HO) and other reactive
oxygen species (ROS) [4].
In Indonesia, where herbal medicine is popular, more
than 1300 species are known as medicinal plants, which are
known as jamu [5]. The uses of jamu fall into four cate-
gories of medicine: health care, beauty care (cosmetics),
tonics, and bodily protection [6]. Traditional herbal medi-
cines provide an interesting, largely unexplored source for
the development of potential new drugs. The potential uses
of traditional herbal medicines for the development of new
skin care cosmetics have recently been emphasized [7,8].
A traditional product made by the Dayak tribe (the native
people on Kalimantan Island, Indonesia) is bedak dingin,
which is sold in traditional markets in Samarinda City, and
contain some herbal medicines for skin care. Unfortu-
nately, there is no scientific evidence yet on the efficacy of
these herbal medicines.
It is of great interest to find out whether the traditional
plants used for skin treatment, especially in cosmetics,
have activities that might be useful in modern formula-
tions. In the present study, we evaluated the methanol
extract of belabetan (local name), or Eupatorium tripli-
nerve Vahl, which is contained in bedak dingin, on melanin
inhibition in B16 melanoma cells and the active compound
in melanin inhibition in B16 melanoma cells and mushroom
tyrosinase enzyme activity. In addition, the antioxidant and
antidermatophyte activities of the active compound were
evaluated.
2. Materials and methods
2.1. Reagents
NaOH, Dimethyl Sulfoxide (DMSO), L-tyrosine, miconazole,
and L-DOPA were purchased from Wako (Osaka, Japan).
Mushroom tyrosinase, trolox, and 3-(4,5-Dimethylthiazol-2-
yl) -2,5-diphenyltetrazolium bromide (MTT), St. Louis,
USA were obtained from Sigma (St. Louis, MO, USA).
7-Methoxycoumarin was purchased from Indofine (Hills-
borough, New Jersey, USA). Eagle’s minimum essential
medium (EMEM) was purchased from Nissui Chemical Co.
(Osaka, Japan). Ethylenediaminetetraacetic acid (EDTA)
was purchased from Dojindo (Kumamoto, Japan). Potato
Dextrose Agar (PDA) was purchased from Difco Laboratories
(Detroit, MI, USA). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was
purchased from TCI (Tokyo, Japan), and all other chemicals
were of the highest grade that was commercially available.
2.2. Plant material, extraction, and isolation of the
active compound
The leaves of E. triplinerve Vahl were collected at Samar-
inda, East Kalimantan, Indonesia in August 2008. The plant
was identified in the Laboratory of Biology in Mathematics
and Science Faculty (Samarinda) and the voucher specimen(ETA-CW-3) was deposited at the Laboratory of Wood
Chemistry of Forestry Faculty at Mulawarman University,
Indonesia.
The leaves of E triplinerve (8.17 g) were repeatedly
extracted using MeOH at room temperature. The MeOH
extract was concentrated in vacuo, yielding a residue
(1.34 g). A part of the extract (1.26 g) was applied to a silica
gel column (9.0 g of Wakogel C-200, 3 30 cm) and eluted
using n-hexane/EtOAc (10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7,
2:8, 1:9, 0:10; each 100 mL) and EtOAc/MeOH (10:0, 8:2,
6:4, 4:6, 2:8, each 100 mL, and 0:10 in 300 mL), yielding 14
fractions (Fr 1eFr 14). Based on the melanin inhibitory
effect on the B16 melanoma cells and analytical high
performance liquid chromatography (HPLC), Fr 6 (33 mg)
was used to isolate the active compound by preparative
HPLC (Inertsil Prep-ODS: 20 mm i.d. 250 mm). Elution with
MeOH/H2O (0.1% trifluoroacetic acid; TFA) was carried out
at a dilution of 65:35 at a rate of 8 mL/minute, yielding
compound 1 (13.7 mg).
Compound 1 was analyzed by Nuclear Magnetic Reso-
nance (NMR) at 400 MHz on a JNM-AL400 FT NMR spec-
trometer (JeoL (Tokyo, Japan)). Compound 1 was dissolved
in chloroform (CDCl3) and chemical shift was referred to
using deuterated solvents. The compound was assigned for
1H and 13C.
Compound 1 (7-methoxycoumarin) is a white powder
with the following 1H-NMR (400 MHz, CDCl3 ) characteristics:
d3.8 (OCH3, s), 6.24 (1H, d, JZ 9.6 Hz), 6.82 (1H, s), 6.87
(1H, dd, JZ 9.6 Hz and 2.6 Hz), 7.38 (1H, d, JZ 9.6 Hz),
and 7.64 (1H, d, JZ 9.6 Hz). The 13C-NMR (400 MHz, CDCl3 )
characteristics are as follow: 162.8 (C-2), 112.5 (C-3), 143.3
(C-4), 128.7 (C-5), 113.1 (C-6), 161.1 (C-7), 100.8 (C-8),
155.9 (C-9), 112.6 (C-10), and 55.7 (CH3).
2.3. HPLC analysis
The leaves of E triplinerve Vahl were dissolved in HPLC-grade
methanol, filtered through a sterile, 0.22-mm Millipore filter
and subjected to qualitative analysis using aWaters 600 HPLC
instrument (Tokyo, Japan). The instrument was equipped
with a photodiode array (Waters 996 detector), controller
(Waters 600s), pump (Waters 626), and autosampler injector
Model 231 (Gilson, Middleton, USA). A ODS Inertsil (Tokyo,
Japan) C18 (4.6 mm i.d. 250 mm) was used as a column.
Data were integrated using Empower Build 1154-J series
software (Waters). Separation was achieved at a flow rate of
1 mL/minute with a methanol/water (80/20%) solution con-
taining 1% trifluoroacetic acid in isocratic system by moni-
toring absorbance at 322 nm.
2.4. Tyrosinase enzyme assay
Although mushroom tyrosinase differs somewhat from other
sources, this fungal source was used in the present exper-
iment due to its ready availability. It should be noted that
commercially available tyrosinase has been reported to
contain numerous proteins besides tyrosinase [9], but
was used without purification. The tyrosinase activity was
determined using a previously described method [10].
Briefly, all of the samples were first dissolved in DMSO and
used for the actual experiment at 30 dilution. First,
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of 0.1 M phosphate buffer (pH 6.8) and incubated at 25C.
Then, 33 mL of the sample solution and 33 mL of the aqueous
solution of mushroom tyrosinase (1380 units/ml) was added
to the mixture and the initial rate of the linear increase in
the optical density at 475 nm was immediately measured
based on the formation of DOPAchrome using L-DOPA and
L-tyrosine as the substrates. The reaction was started by
the addition of the enzyme. Although tyrosinase catalyzes
the reaction between the two substrates, a phenolic
compound and oxygen, the assay was carried out in an air-
saturated solution. Controls, without inhibitors, were
routinely carried out. Each experiment was carried out in
triplicate. Kojic acid was used as a positive control.
2.5. Determination of melanin content and cell
viability of B16 melanoma cells
A mouse melanoma cell line, B16, was obtained from RIKEN
Cell Bank (Tsukuba, Japan). The cells were maintained in
EMEM supplemented with 10% (v/v) fetal bovine serum (FBS)
and 0.09 mg/mL theophylline. The cells were incubated at
37C in a humidified atmosphere with 5% CO2.
This assay was determined as described by Arung et al
[10]. Briefly, confluent cultures of B16 melanoma cells were
rinsed in phosphate-buffered saline (PBS) and removed
from the plastic using 0.25% trypsin/EDTA. The cells were
placed onto two 24-well plastic culture plates (one plate
was for determining melanin and the other was for deter-
mining cell viability) at a density of 1 105 cells/well and
incubated for 24 hours in the media prior to treatment with
the samples. After 24 hours, the media were replaced with
998 mL of fresh media and 2 mL DMSO was added with or
without (control) the test sample at various concentrations
(nZ 3). Arbutin was used as a positive control. The cells
were incubated for an additional 48 hours, and then the
medium was replaced with fresh medium containing each
sample. After 24 hours, the remaining adherent cells were
assayed (see Sections 2.6 and 2.7).
2.6. Determination of melanin content in B16
melanoma cells
The melanin content of the cells following treatment was
determined as follows. After removing the medium and
washing the cells with PBS, the cell pellets were dissolved in
1.0 mL of 1 N NaOH. The crude cell extracts were assayed
using a microplate reader (Bio-Tek, Winooski, USA) at 405 nm
to determine the melanin content. The results of the cells
treated with the test samples were analyzed as a percentage
of the results of the control culture.
2.7. Cell viability
Cell viability was determined by use of the microculture
tetrazolium technique (MTT). The MTT assay provides
a quantitative measurement of the number of viable cells by
determining the amount of formazan crystals produced by
metabolic activity in the treated and control cells. Culturing
was initiated in 24-well plates at 1 105 cells/ well. After
incubation, 50 mL of the MTT reagent [3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide in PBS
(5 mg/mL)] was added to each well. The plates were
incubated in a humidified atmosphere of 5% of CO2 at 37
C
for 4 hours. After the medium was removed, 1.0 mL iso-
propyl alcohol (containing 0.04 N HCl) was added into the
plate, and absorbance was measured at 570 nm relative to
630 nm.
2.8. Antioxidant (DPPH) assay
The sample was first dissolved in DMSO and used in the actual
experiment at 30 dilution. The reaction mixture contained
967 mL of 60 mM DPPH (1, 1-diphenyl-2-picrylhydrazyl) in
ethanol and 33 mL of the sample solution in DMSO. After the
reaction was carried out at room temperature for 30
minutes, the free radical scavenging activity of the sample
was quantified by the decolorization of DPPH at 514 nm [11].
Trolox was used as the positive control.
2.9. Fungal inoculum preparation
This experiment was conducted as described by Kusuma
et al [12]. Briefly, the Tricophyton mentagrophytes, one of
the most important dermatophytes in tropical climates,
was used as a test fungus in agar diffusion antifungal assays.
Stock inoculum suspension of the fungus was prepared from
7e15-day-old cultures grown on PDA at 28 C. Mature
colonies were covered with approximately 10 mL of sterile
saline (0.85%) by scraping the surface with the tip of
a Pasteur pipette and adjusted to 106 CFU/mL. Next, the
agar diffusion assay was performed (see Section 2.10)
2.10. Agar diffusion assay
Ten-mL aliquots of sterile molten PDA were transferred to
petri dishes and allowed to solidify. The PDA plates were
inoculated with 10 mL of the fungal spore suspension that
was uniformly spread over the surface of the plates.
Sterile, 7-mm i.d. paper discs (Whatman no 2, Tokyo,
Japan) containing 12, 25, 50, and 100 mg/disk of compound
1 or myconazole, a commercial antidermatophyte, at
10 mg/disk. Fifty mL of extract were put onto the surface of
each inoculated plate. The plates were incubated in the
dark at 25C for 72 hours. Zones of inhibition around the
discs were measured in millimeters.
3. Results
3.1. Melanin content and cell viability
In the evaluation of melanin inhibition in the B16 melanoma
cells, the methanol extracts from the E triplinerve Vahl
leaves demonstrated melanin inhibition at 59% with less
cytotoxicity at 500 mg/ml (Fig. 1). As shown in Table 1,
compound 1 showed melanin inhibition and cell viability.
3.2. Tyrosinase enzyme activity
The tyrosinase enzyme activity of compound 1 is shown in
Table 2, using both L-tyrosine and L-DOPA as substrates.
Figure 1 Inhibitive effect of methanol extract of Eupatorium
triplinerve Vahl leaves on melanin formation in B16 melanoma
cells (Arbutin 100: concentration of 100 mg/mL). The values
were expressed as the meansSDs, nZ 3. By the Dunnett test,
treatments were significantly different from the control group
(*p< 0.05 and **p< 0.01).
Table 2 Effect of compound 1 on mushroom tyrosinase
enzyme activity.
Compounds L-tyrosinea
(IC50)
L-DOPAa
(IC50)
7-methoxycoumarin (1) 2360 mM >2840 mM
(20% inhibition
at 2840 mM)
Kojic acid (positive control) 5.3 mM 14.1 mM
a Substrate.
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Compound 1 did not demonstrate any capability as an
antioxidant, which showed 8.5 % scavenging activity at
a concentration of 5700 mM.
3.4. Antidermatophyte
Compound 1 did not inhibit T mentagrophytes growth at
a concentration of 100 mg/disk.
4. Discussion
E triplinerve Vahl (syn.: Eupatorium ayapana, Ayapana
triplinervis) belongs to the Asteraceae family and is
commonly known as ayapana in Hindi. It is also known by
other names, such as ayapana tea in England, ayapan and
bishallakarani in Bangladesh, aiapana, iapana, japana,
japana-branca, japana-roxa, erva-decobra, and erva-santa
in Brazil, aiapana, diapana, and the0 de l’Amazone in
French Guiana, sekrepatoewiwiri in Surinam, and herbe
a‘the0 and herbe vulne0 raire in French West Indies. This
plant grows up to 1 m in height and is an ornamental erect
perennial herb with a semiwoody base. The leaves
(4.5e10.5 cm long and 0.8e1.7 cm wide) are aromatic,
smooth, simple, opposite, subsessile, trinerved, acumi-
nate, glabrous, and lanceolate. The stems are reddish
brown. The many flowering heads are each 6e13 mm longTable 1 Effect of compound 1 on melanin inhibition in
B16 melanoma cells.
Compounds Melanin
inhibition IC50
Cell viability
(% vs. control)a
7-methoxycoumarin (1) 1780 mM 83
Arbutin (positive control) 198.3 mM 95
a Cell viability (%) at IC50 for melanin formation on B16
melanoma cells.and bear about 40 pink flowers. This plant is native to South
America and can be found in the Amazon region of Brazil,
Ecuador, Peru, the three Guianas, Puerto Rico, and Hawaii,
but is also well represented in other countries such as India,
Vietnam, and the Mascarene Islands [13]. The local name
used for E triplinerve Vahl used by the native people (Dayak
tribe) in East Kalimantan is belabetan. The leaves of
E. triplinerve Vahl are topically used for skin care by the
Dayak tribe in bedak dingin (Fig. 2) in combination with
other herbs. We investigated whether this traditional plant
has activities that might be useful in modern formulations.
Based on Fig. 1 and the inhibition of melanin formation
in the B16 melanoma cells-guided fractionation (data not
shown), we focused on the active fraction, Fr. 6, in order to
isolate the active compound. As a result of the preparative
HPLC on the active fraction, Fr. 6, compound 1 was isolated
and identified as 7-methoxycoumarin (Fig. 3) by NMR
analysis, which was compared with the standard by
analytical HPLC and compared with the NMR data of
a previous report [14]. The presence of compound 1 in the
methanol extract may affect its inhibition of melanin
formation in B16 melanoma cells, as shown in Fig. 4.
The melanin inhibitory activity of compound 1 was
determined using B16 melanoma cells. Table 1 shows the
IC50 values for the melanin inhibition of compound 1
compared with arbutin as a positive control [15]. The
melanin inhibitory activities of compound 1, in terms of the
IC50 value, was 1780 mM with 83% cell viability, which was
lower than that of arbutin at 198.3 mM with 95% of cellFigure 2 Bedak dingin, a traditional product made by the
Dayak tribe that is sold in traditional markets in Samarinda.
OO OCH3
6
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Figure 3 The chemical structure of compound 1.
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the first report that compound 1 or 7-methoxycoumarin has
inhibits melanin formation in B16 melanoma cells.
Next, we tested the effect of compound 1 on tyrosinase
enzyme activity using L-tyrosine and L-DOPA as substrates.
The IC50 of tyrosinase inhibition were 2360 mM and greater
than 2840 mM (20% inhibition at 2,840 mM) using L-tyrosine
and L-DOPA as the substrates, respectively. In this study,
we used kojic acid as a positive control for tyrosinase
inhibition [16,17]. Kojic acid, as a positive control, has
an IC50 of 5.3 mM and 4.1 mM, respectively. Masamoto et al
[18] reported that 7-methoxycoumarin or compound 1 has
an IC50 of 7500 mM for tyrosinase inhibition with L-DOPA
as a substrate. Table 2 summarizes the tyrosinase inhibitory
activity described above. The inhibitory activity of
compound 1 on melanin formation in B16 melanoma cells
may be related, at least in part, to the inhibition of
tyrosinase enzyme activity.
The skin is a major target of oxidative stress caused by
reactive species (RS), including reactive oxygen species and
reactive nitrogen species. RS are major and significant
contributors to skin hyperpigmentation and skin aging [19].
It is generally believed that agents that demonstrate
antioxidant activities also show anti-aging, whitening, and
anti-inflammatory activities [20]. Thus, we used an anti-
oxidant assay (DPPH) to determine the ability of compound
1 to counteract oxidative stress from UV irradiation.
Compound 1 did not demonstrate any capability as an
antioxidant (IC50> 5700 mM; 8.5 % scavenging activity at
5,700 mM), while trolox, as a positive control, demonstrated
very strong antioxidant activity (IC50Z 600 mM). Shimizu
et al [21] reported that trolox is a strong antioxidant.
In order to evaluate the multifunctional skin care effects
of compound 1, we further determined the antifungal
activity of this compound against a dermatophyte, T men-
tagrophytes, which was evaluated using the agar diffusionFigure 4 HPLC analysis of the methanol extract of Eupato-
rium triplinerve Vahl leaves. [Flow rate: 1 mL/minute of
MeOH/water (80/20); sample concentration: 1 mg/mL; wave-
length: 322 nm; injection volume: 20 mL].assay. Dermatophytes have the capacity to invade kerati-
nized tissues (skin, hair, and nails), resulting in dermato-
phytosis [22]. Dermatophytosis ranks as one of the most
common and widespread infectious diseases worldwide, and
T rubrum and T mentagrophytes, which cause infections of
the skin and nails, are two of the most frequently isolated
dermatophytes [23]. The results show that compound 1, at
a concentration of 12, 25, 50, and100 mg/disk, and10 mg/disk
of (miconazole), a of antidermatophyte. Compound 1 did not
inhibit T mentagrophytes growth at a concentration of up
to 100 mg/disk (data not shown). Isolation of the other
compounds is currently in progress.
In this study, a methanol extract of E triplinerve Vahl
demonstrated inhibitory activities on melanin formation in
B16 melanoma cells and tyrosinase enzyme activity. These
results validate the traditional use of E triplinerve leaves
by the Dayak tribe, a native people of East Kalimantan.Acknowledgments
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